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The Institute for Mathematical Studies in the Social

Sciences at Stanford University has operated a three-year
computer-assisted instruction (CAI) network for hearing-impaired or
deaf students; the effectiveness of the two main curricula in the
program, elementary mathematics and language arts, was evaluated. The
computer netiwork spans the United States and in its three years has
involved 5,000 deaf students. The curriculvm in elementary

mathematics is divided into strands, serie.

€ related problems, and

the language arts program tries to teach gr.. atical rules by the
inductive approach. Groups of students were systematically selected
for evaluation of the two curricula and received pre- and post-tests.
The results showed that CAI could be used successfully by deaf
students and that gains in mathematical computation two to three
times greater than classroom instruction could be achieved by CaI.
Furthermore, these gains could be precisely predicted frow the nuaber

of CAI sessions.
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Compuler-assisted instruction in mathematics und language arts

for deaf students®

by PATRICK SUPPES and JOHN DEXTER FLETCHER

Stanford University
Stanford, California

INTRODUCTION

'This paper summerizes & three-year project running from
July 1, 1970 to June 30, 1973, which was concerned with re-
search and development in computer-assisted instruetion
(CAI) for hearing-impaired or deaf students. CAl curricu-
lums developed by the Institute for Mathematieal &tudics in
tha Social Sciences (IMSSS) at Stanford University were
used by more than 1,000 deaf students during the 1970-71
schoo) year and by more than 2,000 deaf students during
the 1971-72 and 1972-73 school years.

THE STANFORD CAl SYSTEM

The central proecessor for the Institute’s computer system
is a Digital Equipment Corporation I’'DP-10. In addition
to 256K of core memory, short-term storage of programs
and student information was nrovided by sixteen 180,000,000-
bit disk modules; long-term storage of student response data
was provided by magnetic tape. Communication with remote
student terminals in participating schocls was provided by
private telephone lines. High-speed data transmission (gen-
erally 2400 or 4800 baud) and time-division multiplexing
were used to communieate with clusters of 16 or more student
terminals. Of the more than 180 terminals connected to the
Institute system in 1972-73, about 125 terminals could be
used simultancously with no appreciable detriment to the
system'’s speed of response Any curriculum ecould be run at
any {ime on any student terminal.

Figure 1 shows a map of the Unitad States on which super-
imposed lines indicate the network operating in 1072-73.
As can be scen, high-speed data’ transmission to Austin,
Texas and Washington, D.C. was used to distribute pro-
grams in the southwest and on the east coast. Also shown is
a direct line to New Mexico, which supported a similar in-
stallation at Isleta Pucblo, an Indian reservation appr(m-
mately 20 miles from Albuquerque, New Mexico,

The student terminals were Model 33 teletypewriters,

~which communicated with the eentral computer systein at &

rate of about 10 chamctcrs per sccond In a l)plcal school,

ST Tms research was supporwd by Oﬂ' ce of Educauou Grant OE.G-,
0-70-4:97(607). OF Pro]ect. No 14 2280.
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onc room containing 8 to 15 student terminals was assigned
for CAlL Ordinarily one person was chosen by the school as
the CAl terminal proetor; this same persen was in charge
of the equipment and the supcevision of students in the
terminal room,

When a student seated in feont of a terminal presses the
start key, the program responds by typing

HI
PLEASE TYPE YOUR NUMBER AND NAME,

Sach student receives a number, which ho inputs together
v.th his first name. He uses the same number for all courses
and types a one-fetter identifier as a prefix to indicate which
course he is requesting.

SUMMARY OF CAlI CURRICULUMS

All CAT curriculums developed by the Institute were avail-
able to students in the participating schools for the deaf.
The eurriculums most relevant and most widely used were
mathematies strands, arithinetic word problem solving, and
a special language arts course developed solely for deaf
students. In addition, a basic English course (available from
Computer Curriculum Corporation), an algebra course, a
computer programning cotire in AT, a computer program-
ming course in BASIC, and a deductive logic and algebra
course were used on various oceasions by a number of stu-
dents. A quai:titative summary of usage for 1971-72 is shown
in Table I.

We give hore a brief deseription of the eleimentary mathe-
matics currizutum and the language arts curriculum.

Elementary mathemalics slrands

The objectives of the curriculum wete (a) to provide
supplementary - individualized {nstruction in  eclementary
mathematies at a level of difficulty. appropriate to’ ecach
student’s lovel of achicvement, (b) to allow acceleration in
any concept area in which a student demonstrates proficiency -

- and ropeated drill in arcas of deficiency, and (c) to provide -

a daily profile report of each studcnts progress (hrough the~ :
cumculum ~

o
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Figure 1--1MS8SS national network, 1972-73

A strand is a series of problems of the same operational
type {e.g., number coneepts, addition, subtraction, fractions)
artanged sequentially in equivalence elasses aceording to
their relative difliculty, The M strands in the program and
the grade levels spanned by each strand cover the core
elementary-school mathematies curriculum.

A student in the strands program works on fewer than 14
strands; the actual number depends on his grade teve and
performanee, The strands approach provides a high degree
of individualization because each student’s lesson is prepared
for him daily by the computer, the lessons are presented as
mixed dplls at a level of difficolty in each strand determined
by the student's prior performance, and the student moves
up each strand at his own pace,

Details of the curriculum are given in Suppes,! Suppes,
Goldberg, Kauz, Searle, and Stauffer,? and in Searle, Lorton,
and Suppes.?

Language arts

After: carefully considering the language difficulties of
hearing-impaired students, we designed the language arts
curriculum to stress the stricture of English, with particular

- emphasis on the roles of syntax and inflection and on the

- meaning of function words. An inductive rather than a de-
ductive strategy was used, The course does not- explicitly
state ‘rules’ of Fnglish usage, rather it presents items illus-

trating aspects of standard English usage singly and in com-

 bination. Incidental learning of basic sentence patterns is

{AFulToxt Provided by ERIC

cnhanced by presenting curriculum items in complete sen-
tences. Fewer than one-tenth of the exercises present the
student with single words or isolated phrases. Incidental
learning is also enhaneed by requiring many constructed
rather than multiple-choice responses.

There are four general course objeetives. Students are to:

(1} Recognize specified grammatical eategories;

(2} Recognize and supply various formsof given grammat-
foal structures;

(3) Select appropriate geammatical units to complete a
specified strueture; and

(4) Perform specified  transformations on grammatical
structures.

The curticulum is divided into 218 lessons of 20-30 exer-

TABLE 1--Institute CAE Curricilums Usad by Participating Schools
for the Deaf, 1871-.72

Curriculum Number of students

Elementary Mathemutics (Strands) S 2146
Arithmetic Word Probtem Solving 107
Language Artg - 1071
Algebra = . 83
Basic Erglish . k 165

~ Computér Programming in ALD ey
Compister Programming in BASIC : 124

Logic and Algebra. e : 216

,  Tota) Students 2279 - S
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cises. Separate topies are presented in separate lessons and
often there is a sequenee of Iessons on a single topic. The
lessons are ordered to provide a cumulative basis of coneepts
building upon one another. Several lessons review topies
presented in preceding lessons.

The course was deseribed in detai! by Fleteher and Beard 4
Fleteher, Jamison, Searle, and Smith,® and Fleteher and
StaufTer.®

It should be einphasized that the network was primarily
develoced to bring clementary mathematies and language
arts to deaf students. Use of the other courses was on an
optivnal and relatively infrequent basis in relation to the
total number of students, but the network was flexible
enough to provide additional work for students who wanted
it, ranging from a secondary-sehool course in English to
computer progranming.

EVALUATION OF ACHIEVEMENT

During the course of the three vears of the projeet a
nurber of detailed studics were undertaken to measure the
achievement of students using the CAI courses. We sum-
marize here the two main studies dealing with achievement
in the elementary mathematies strands curriculum and in
the language arts curriculum.

Al athematics sirands erperiment

The purpose of the experiment was to measure the effect
of varying numbers of tmathematics strands sescions on
arithimetic computatior grade placement (GP) measured by
the strands curriculum and by an on-line, computer-ad-
mintstered version of the Stanford Achieyvement Test (SA'T)
Arithmetic Computation subscale. This on-line version of
the SAT was called the Modified SAT or MSAT. Construc-
tion and administration of the MSA'T was detailed by Suppes,
Ileteher, Zanotti, Lorton, sud Scarle.” Each student was
allowed to take only a specified number of mathematices
sessions at the terminal. All other sign-ons were spent work-
ing language arts lessons,

Three hundred cighty-five students from among those who
were taking both CAl mathematics strands and CAl lan-
guage arts, whose average GP on strands was between 2.4
and 5.9, and who had taken at {cast 15 mathematics strands
sessiong, began the experiment. The studeats seleeted were
assigned at random to five experimental groups that differed
in the maximun number ‘of mathematics strands sessions
they permitted during the experimental period of approxi-
matcly 70 school days. Treatment groups 1,2, 3, 4, and 5
were assigned 10, 30, 70, 100, and {30 sessions, respectively.

“Session limits were imposcd on - a calendar basis so that

‘students” with low numbers of scssions reccived thom dis«

tributed throughout the oxpcnmcntal period. A partlcxp'itmg

~student had no control over whether he reecived a mathe-
‘matics strands or language arts lesson. Whether he q:gn«i

E

on for mathomahcs strands or lsmguago arts a studcnt \\ask

;\)
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given a mathematies strands lesson if he was eligible for one.
Otherwise, he reecived a language arts lesson,

Five models were tested to study the relationship between
the two independent variables of pretreatment scores and
the number of mathematics strands sessions on the one hand
and the dependent variable of posttreatment scoves on the
other. We tested a linear regression mode} in the two de-
pendent variables, n linear regression model with an inter-
action term between the two independent variableg, a mufti-
plicative Cobb-Duouglas model of econometric type, a log-
quadratic model in the two independent variables, and an
expotential madel in the two independent variables. Detailed
results are .ot summarized here.

Parameters for the five models were generated twice, once
using mathematica strands average GP as preteeatment and
posttreatiment achicvement measures and once using NSAT
GP seores. The lincar model with interaction accounted for
more of the variance in the dependent variable (posttreat-
ment average GP) than did any of the other models, but
despite the inclusion of a term for the interaction of nunber
of sessions with pretreatment GP, it represented only a slight
improvenent over the simple linear model, Assuming N, =
120 or slightly less than one session per day for a school
year and taking a;=.0123 from the linear model, we can
project T'ip— T =1.48. That is to say, if a student from this
population takes about one strands session per day for sn
entire school year, we can expect his strands average GP to
increase by about a year and a half. Data presented later
show that strands average GP underestimated both GP
measured by paper-and-pencil administrations of the SAT
and G measured by the MSAT. This improvement of 1,48
can be compared with an expected GP increase over a school
year of .3 to .4 in the SAT computation subtest for hearing-
impaired students receiving ordinary instruction.®

Among the models and paramcters using MSAT GI* as
pretreatment and posttreatment measures, the muitipliea-
tive niodel from econometrics that assumed weighted inter-
action of number of sessions with pretreatinent G aceounted
for more of the variance in the posttreatinent measure than
did any other model, but, as with strands average GP, i
represented only a slight improvement over Model I, the
simple linear modcl. Again, assuming N;=120 and taking
¢ =.0084 from the linear model, we can project Ty—Ty=
1.01. That is to say, if a student from this population tekes
about one strands session per day for a sehool year of 120
net days, we can expect his MSAT GP to increase by about
one year. Roughly, we can expeet an increase of .1 in MSAT
GP for every 12 sissions taken;

Suppes, Fletcher, Zanotti, Lorton, and Searle? concluded
that the mathematics strands CAI curriculum ean lead to
substantial increases in mathematics computation GP when
used by hearing-impaired students. The increases are suffi-
cient to bring the students to GP gains expected of normal-
hearing students. Moreover, these gains ean be achicved by

~ students working intenscly for only a fow minutes a day in

a supplementary drill-and-practice program. The time spent
at a computer terminal by cach student rangod from 6 to 10
mmutes for each smsmn ~
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In addition, Suppes, Fleteher, Zanotti, Lorton, and Searle?
concluded that a simple linear model of student achievement
gives a good account of the posttreatment distribution of GI®
measured either by the MSAT or by the strands GP. The
investigation of other models, including models with inter-
actiun terms, did not lead to any substantial improvement in
accounting for posttreatment GP varianee. The results of
the analysis, including the application of the linear model,
indicate that greater numbers of CAI sessions are beneficial
for all students, across all levels of pretreatment achievement.

Language arls erperiment

This experiment was analogous to the mathematics strands
experiment described by Suppes, Fleteher, Zanotti, Lorton,
and Scarle.? Each student was allowed to take only a specified
number of language arts sessions. All other sign-ons were
spent working mathematics strands sessions.

Two hundred thirty tudents fron among those who were
taking both CAI mathematics strands and CAI language
arts in 1972-73 were selected for the experiment, and were
assigned at random to one of five experimental groups that
differed in the maximum number of 10-minute language ma
sessions they permitted. Students assigned to groups 1, 2, 3,
4, and 5 were permitted 20, 45, 70, 95, and 120 sessions,
respeetively. Fhe subjects were selected from students in the
California School for the Deaf, Berkeley, Califurnia; the
Oklahoma School for the Deaf, Sulphur, Oklahoma; and the
Texas School for the Deaf, Austin, Texas. Random assign-
ment of these subjects to the five treatment groups ws
stratified so that roughly the same number of studeats fromn
each school eould be assigned to each of the treatment groups.
When the experiment began, 45 students were assigned to
group 1, 46 were assigned to group 2, 46 were assigned to
group 3, 47 were assigned to group 4, and 46 were assigned
to group 5. One-way, fixed-cffcets analysis of variance and
five models of student progress were used to investigate
student performance at the end of the 80-school-day experi-
ment period, The five models of student progress investi-
gated were the same as those used in the mathematies strands
cxperiinent,

The assistanec of teachers and proctors was sought to help
students achicve the number of language arts sessions they
were assigned. Teachers were urged not to give compensatory
off-line work to those students assigned to low numbers of
on-line sessions, and, in general, not to alter the classroom
work of any student because of his participation in the experi-
ment.

Fleteher and Beard* reparted that complete data were ph-

tained for 197 subjeets. l[(me\or, 46 of these subjects had
received 100 or more sessions in 1971-72 and these bub]l‘(‘t\s

were romovcd from the experiment prior to any data analyses.
which were then performed on the 151 rommnmg subjects. -

< In the analysis of variance there “orc 33, 27,26, 33, and 32

: Stud(nts in groups 1,2 3 4, nnd 5 rccowed an avemgo of -

o

subjects in troatmont groups 1, 2, 3, 4, and 5, rcwpochveb

RIC
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22, 46, 69, 88, and 106 sessions, respectively. These averages
were lower than expected for groups 3, 4, and 5, but the
treatment groups appeared sufficiently (ll\tl!l(‘ tn proceed
with analysis of variance. The [ratio for this analysis was
not statistically signiticant, indieating that the range of
sessions considered did not have a significant effect on post-
test scores. The paper-and-pencit language arts test developed
by the projeet appeared ta be reliable and fairly valid, The
correlation between pretest and posttest scores on the test
was 010 with an F-ratio for significance of regression be-
yond p<.01, and the corrclation between posttest scores
and number of lessons eompleted was (645 with an Foratio
for significance of regression beyond p <.01.

Models I, 11, I, 1V, and V accounted for 83 pereent,
83 pereent, 66 percent, 83 percent, and 33 percent, respec-
tively, of posttest score variance. The only model to which a
term that incfuded a measure of sessions taken contributed
significantly was Model V. In all other models the only sig-
nificant independent variable was the pretest score. An addi-

tional model, Model VI, was fnvestigated. ‘T'his model was
of the form

H( 72) =qp+ alTl + (124\'+ ﬂg[;,

where Ty refers to posttest score,

T refers to pretest score,
N refers to number of sessiong taken,
L reéfers to number of lessons completed,

and 1o, 81, a5, and ay are parameters of the model. Model VI
aczounted for 85 percent of the variance in posttest scores.
Both sessions and lessons, in addition to pretest sCores, con-
tributed significantly (p<.01) to the model. However, the
regression coefReient in Model VI for number of sessions
taken was negative, indicating an inverse relationship be-
tween number of sessions taken and pouttest scores when
number of lessons completed was taken into aceount,

Fletcher and Beard* concluded that the course is of sig-
nificant value to students whose ratio of lessons completed
to sessions taken is high but of mueh loss value to students
whose ratio of lessons completed to sessions taken is low,
The relationship between sessions taken and posttest scores
was concluded to be more complex than anticipated.

Language arts item analysis

Fletcher and Beard* reported several results from their
itemn analysis of the language arts currieulum that are not
widely noted in the literature on deafness.

Iirst, the '‘dircetions” lessons were far easier than antic- .
ipated, given the general lmpr(\:mn &INONE deaf educators -
that deaf students experience diffeulty in following dirce-
tions. Some reasons for this result may be that the dircctions
in these Jessons and in the curriculum wetre easicr to follow

- than thosce given in classroom instruetion, that the dxrcctmns

given in the language arts CAI were mote clearly commum-k
cntod to students than the dlroctmm gwon in cla%smom
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instruection, and that deaf students have less diftieulty follow-
ing directions than gencrally supposed. More rescarch is
required to decide among these alternatives,

Second, although pronouns were generally far casier than
anticipated, items on possessive pronouns were extremely
diffieult for the students. Speeifically, possessive pronouns
that differ in number (his boxes, their box) and/or gender
(his sister, her husband) from the nouns they modify were
seldom eompleted correctly.

Third, copulaz joining subjects with predicate comple-
ments that differ in number from their subjects were very
difficult for the students. Copulas for items such as the
following:

The house (i, are) blue and white.
The girls (scem, seems) lonely.

were seldom completed correctly.

Fourth, the students had very little trouble with contrac-
tions with the cxception of “F'm,”” which was far more
difficult than antieipated,

CONCLUSIONS

We began this project with the conviction thai we had a
powerful instructional tool at our disposal. Qur aims were
to demonstrate that CAl could be used to advantage by
deaf students, that it could support scrious research in deaf
education, and that a favorable argument could be made for
the cconomics of CAIL Behind these sitns was the gencral
intent of initinting large-scale use of CAI inschools for the
deaf. To some extent we successfully met cach of these ajms.

It scemns reasonable to conclude that CAI can be used
successfully by deaf students. We did not set out to apply
CAI to all of deaf education; we attempted only what we
could do well. The curriculums concentrated on the skill
subjects of mathematics and language arts, and, within these
subjects, we emphasized aspeets that were most amenable
to computer presentation. Under these constratnts we
achieved favorable results. Certainly, the gains in mathemat-
ics computation ability that were two to three times greater
than those expected from elassroom instruction and the
precision with which GP inercase could bhe predicted as a
function of CAl sessions are notable. ,

We also conecluded that CAI provides a substantial founda-
tion for research on the problems and processes of deaf
cducation. The range of research undertaken by this projeet
barely represents the diversity of inquiry that can be sup-
ported by CAl, The unobtrusive and precise control over
experimental conditions made possible by computer presenta-

tiong, as well as the accuracy and speed of computer arith-

. El{fc“
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metic and data retrieval, permits a wide speetrum of experi-
mental possibilitios that we have only begun to explore.

The major drawbaek of CAIL however, is its cost, Coms
puters require a sizable commitment of funds, both for
acquiring eapital equipment and for maintaining operations.
Fortunately, the steady inerease in the quality of available
CAlis matehied by a steady decrease in its costs, In the mid-
1960's, when CAI first beeame available, it cost about $40
per student contact hour, Currently, CAl offered by the
IMSSS system costs $1.50-82.50 per student contact hour,
depending on communication expenses. For the immediate
future we can expeet continued decreases in the costs and
continued increases in the quality of CAL

The proof of this project is in its impact on deaf educeation.
Specifically, the willingness of *he partieipating schools to
support CAl from their own funding sources is the ultimate
test of the project’s fnpact. To date 13, of the 15 schools
that participated in this project have committed funds to
continue their CAI activity in 1973-74. The two remaining
schools have not deeided what CAI implementation alterna-
tive to adopt. Two schools that received no CAl from this
project will be added to those supporting CAT in one network
that dircctly resulted from this project. We expeet the growth
of CAIT in schools for the deaf to continue.
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